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1. Introduction 
Polyacrylamide gel electrophoresis in the presence 
of sodium dodecylsulfate [ 1,2] has now become one 
of the most widely used analytical tools in biochem- 
istry for the identification of proteins, for the deter- 
mination of their molecular weight, and for detecting 
protein degradations correlated with an altered phys- 
iological function (e.g., Zymogen activation, activa- 
tion and inactivation of polypeptide hormones, 
removal of ‘anchoring’ or ‘signal’ peptides). After the 
electrophoretic resolution is completed, the relative 
migration of the various proteins in the mixture is 
usually revealed by staining overnight with a solution 
of Coomassie blue (0.02%) in acetic acid (7%), then 
removal of the excess staining dye either electropho- 
retically or by extensive washing. 
We wish to describe here the usefulness of pre- 
labeling the constituents of a mixture to be analyzed 
with fluorescamine [3] which makes it possible to 
monitor continuously (under W light) the resolution 
of proteins and peptides in the course of their elec- 
trophoresis. This is exemplified in the case of the deg- 
radative inactivation of catalytic subunit of CAMP- 
dependent protein kinase by a specific membranal 
proteinase from the brush border membrane of the 
rat small intestine. 
2. Materials and methods 
Free catalytic subunit of CAMP-dependent protein 
AbDreuiations: C, the catalytic subunit of CAMP-dependent 
protein kinase (EC 2.7.1.37);M,, relative molecular mass; 
SDS, sodium dodecylsulfate 
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kinase was purified from rabbit muscle as in [4]. 
Brush border microvillus membranes were prepared 
from small intestines of 6-g-week-old male Wistar 
rats (Experimental Animal Unit, Weizmann Institute 
of Science, Rehovot) following the procedure in [s]. 
These membranes were further purified by the 
method in [6]. The C-subunit inactivating factor 
which brings about degradation of C was solubilized 
as in [7]. The low M, calibration kit of proteins for 
SDS-polyacrylamide gel electrophoresis was pur- 
chased from Pharmacia (Uppsala); fluorescamine was 
obtained from Sigma. 
SDS-polyacrylamide gel electrophoresis was done 
either with a homogeneous gel (15%) or using a linear 
polyacrylamide gradient gel (7-20%) [S]. Pre-labeling 
with fluorescamine was done in a 0.05 M NaHC03 
buffer (pH 8.0). The reaction was initiated by addi- 
tion of fluorescamine solution (0.3% (w/v) in ace- 
tone) so as to achieve 0.03% (w/v) final cont. of 
fluorescamine in the reaction mixture (0.2-l mg pro- 
tein/ml). The reaction (and subsequent decomposi- 
tion of excess reagent [5]) was allowed to proceed for 
-1 min at 23°C. At various stages of the electropho- 
resis (15 V/cm) the gel was illuminated with a W 
lamp (Raytech, Stafford CT) and photographed using 
a green filter and Kodak-X film (-1 min exposure). 
Protein concentrations were determined as in [9]. 
3. Results and discussion 
We have shown [7] that upon exposure of the free 
catalytic subunit (C) of CAMP-dependent protein 
kinase to brush border membranes from the rat small 
intestine, the kinase loses its catalytic activity in a 
time-dependent process. In addition the factor 
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Fig.1. Timedependent degradation of C by an enzyme 
extracted from brush border membranes through solubihza- 
tion in octyl-fi-Dglucopyranoside [7]. A reaction mixture 
containing pure C (final cont. 100 ng/ml) and the membranal 
enzyme (final cont. 15 ng/mI) was incubated in a 50 mM 
Hepes buffer (pH 7.5) at 23°C. At the indicated times, ali- 
quots (40 ~1) were removed and mixed with 10 ~1 of a solu- 
tion containing SDS (10%) and 2-mercaptoethanol (7.5 M), 
and boiled for 5 min at 100°C. The samples were then sub- 
jected to SDS-polyacrylamide gradient gel electrophoresis as 
in section 2. 
responsible for this inactivation can be further puri- 
fied and solubilized in octyl-fi-D-glucopyranoside [7]. 
When C is incubated with the solubilized enzyme 
preparation and aliquots of the reaction mixture are 
removed and subjected to SDS-polyacrylamide gra- 
dient gel electrophoresis, it becomes evident that the 
inactivation is accompanied by a degradation of C 
into a distinctly separable product (deg. C, fig.1). 
While the C was 40 000 M,, the degraded product was 
found to have 34 000 M,* (fig.2). 
Since there is no indication in the literature sug- 
gesting that C may contain a fairly large non-protein- 
aceous constituent and since the experimentally 
determined M, of C has been accounted for by the 
amino acid sequence of the enzyme which was com- 
pleted recently [lo], it seemed reasonable to assume 
that the specific, time-dependent degradation observed 
in the experiment depicted in fig.1 was due to a lim- 
ited proteolysis of C. However, there was no indica- 
tion for the presence of a peptide with -6000 M, in 
the gel (fig.1). This fact could be attributed to several 
* We had reported -30 000 Mr for the degraded C (71. On 
the basisof repeated experiments with further purified 
_ proteinase preparations, the degraded C seems to be closer 
to 34 000 Mr 
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reasons, For example, such a peptide, if released, 
might not become stained by the dye used or it could 
be further degraded into small peptides and amino 
acids which would diffuse readily out of the gel. 
In an attempt to locate the small, clipped-off part 
of C, we labeled with fluorescamine the constituents 
of the reaction mixture at different times and sub- 
jected these samples to electrophoresis. During these 
experiments we observed that with such labeled sam- 





















deg. C ’ ST1 
I 01 
. 
I I I I 1 
0.2 0.4 0.6 0.8 
Relative Migration 
Fig.2. Determination of the M, of C and of its high Mr degra- 
dation product (deg. C) by SDS-polyacrylamide gradient gel 
electrophoresis. The calibration curves were obtained using a 
Mr calibration kit containing: rabbit muscle glycogen phos- 
phorylase (Phos. b, 94 000); bovine serum albumin (BSA, 
67 000); ovalbumin (Ovalb., 43 000); bovine erythrocyte 
carbonic anhydrase (Garb. Anh., 30 000); soybean trypsin 
inhibitor (STI, 20 000) and bovine ol-lactalbumin (a-Lact., 
14 400). C and degraded C (deg. C) were obtained from the 
reaction mixture in the legend to fig.1. (A) Cahbration curve 
obtained with unlabeled markers (after staining with 
Coomassie blue); (B) calibration curve obtained with fluo- 
rcscamine-labeled markers (photographically recorded under 
UV light), C and deg. C were also labeled with fluorescamine, 
prior to electrophoresis. 
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Fig.3. Use of fluorescamine labeling and electrophoresis for the continuous monitoring of the reaction between C and the mem- 
branal enzyme which causes its degradative inactivation. A reaction mixture containing C (final cont. 0.9 mg/ml) and the solubil- 
ized membranal enzyme (final cont. 45 pg/ml) in 50 mM NaHCO, buffer (pH 8.0) was incubated at 23°C. The following times 
(I, 0.5 min; II, 10 min; III, 40 min; N, 180 min) samples of 40 ~1 were removed, labeled with fluorescamine, mixed with SDS and 
2-mercaptoethanol and boiled as in the legend to fig.1. The samples were then applied on a 15% polyacrylamide gel and the 
course of electrophoresis was followed and recorded photographically under UV light. (A-D) Photographs of the same gel taken 
at various stages of the electrophoresis: (A) upon entry of the samples into gel; (B) after 20 min; (C) after 50 min; (D) after 
120 min. 
course of the electrophoresis by simply illuminating 
the gel with an UV lamp. 
Using this procedure we were able to detect a 
time-dependent appearance of low M, materials 
which did react with fluorescamine and thus became 
visible under UV light. These low A4, compounds 
were clearly seen at the initial stages of the electro- 
phoretic migration but later became diffuse and 
finally migrated out of the gel. Fig.3 shows 4 pictures 
of the same gel (homogeneous polyacrylamide, 1 S%), 
taken under W light at different times in the course 
of the electrophoresis. While panels B and C clearly 
show the low M, materials that rapidly migrate into 
the gel, panel D (where the low M, materials have 
already diffused out) clearly shows the resolution 
between C and its high M, degradation product 
(deg. C). 
The major advantage of being able to continuously 
monitor the course of electrophoresis is obvious here, 
since it becomes possible to carry out an analysis (of 
the very same samples and on the same gel) of both 
the low M, constituents which separate out first, and 
the high M, constituents which are resolved only at a 
much later stage (fig.3). 
Fig.4 illustrates a follow-up of the resolution of 
6 proteins (on SDS-polyacrylamide gradient gel, 
7-20s) as recorded photographically. It is clearly 
evident from this figure how the procedure proposed 
here makes it possible to find out (without having to 
a b c d 
Fig.4. Monitoring the course of electrophoresis of a mixture 
of marker proteins. A sample containing 6 proteins dissolved 
in 50 mM NaHCO, buffer (pH 8.0) (phosphorylase b, 
0.12 mg/ml; bovine serum albumin 0.17 mg/ml; ovalbumin, 
0.3 mg/ml; carbonic anhydrase, 0.17 mg/ml; soybean tryp- 
sin inhibitor, 0.17 mg/ml; alactalbumin, 0.25 mg/ml) was 
reacted with fluorescamine and subjected to SDS-polyacryl- 
amide gradient gel electrophoresis as in section 2. The resolu- 
tion of this mixture with time was recorded photographically 
under UV light. The 4 panels are photographs of the same 
electrophoresis track taken at different times: (a) upon entry 
of the sample into the gel; (b) after 20 min; (c) after 60 min; 
(d) after 120 min. 
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terminate the electrophoresis and stain the gel) at 
what stage a desired separation has already been 
achieved. 
It should be emphasized, however, that when pro- 
teins are labeled with fluorescamine their J4, is 
increased somewhat, depending on the number of 
amino acids in the molecule which become labeled. 
As a result, the relative migration of the various pro- 
teins in a mixture may be slightly affected. Since pro- 
teins which have been labeled with fluorescamine 
under the conditions used here can still be stained 
with Coomassie blue, we attempted to evaluate the 
extent to which fluorescamine labeling may interfere 
with M, determinations. 
Panels (A,B) in fig.2 represent a comparison of a 
molecular weight determination of C and degraded C 
using a calibration kit of 6 proteins (phosphorylase b, 
bovine serum albumin, ovalbumin, carbonic anhy- 
drase, soy-bean trypsin inhibitor and ol-lactalbumin). 
While in (A) the marker proteins as well as C and 
degraded C were subjected to electrophoresis without 
labeling, in (B) all proteins were pre-labeled with 
fluorescamine. It can readily be seen that in spite 
of the fact that the relative migration of 2 of the 
markers (bovine serum albumin and a-lactalbumin) 
decreases lightly in the case of the labeled proteins, 
the linearity of the calibration curve is still preserved 
and the M,-values obtained for C and degraded C are 
very close (within 3%) to those determined for the 
non-labeled C and deg. C. 
In conclusion, the useful features of the procedure 
recommended here are: 
(9 
(ii) 
Since the course of electrophoresis is continu- 
ously monitored, it becomes possible to record 
photographically also the initial stages of the 
process, before some of the low M, constituents 
have diffused within the gel, migrated out, or 
decomposed during electrophoresis, staining or 
destaining; 
Since there is no need to arrest the electropho- 
resis at each stage for staining, it becomes possi- 
ble to proceed further on the same gel until a 
desired resolution between closely migrating con 
stituents has been secured; 
(iii) The modified procedure is rapid (pre-labeling is 
instantaneous and the staining/destaining steps 
are unnecessary) and exceptionally sensitive [3]. 
Furthermore, since fluorescamine reacts with 
primary amines which are widespread in peptides 
and proteins, the sensitivity of this procedure 
does not depend on the presence of SH groups 
(cf. [ 111): 
(iv) The constituents of a tested sample can in some 
cases be completely removed out of the gel, by 
continuing the electrophoresis and since this can 
be ascertained visually it provides for a repeated 
use of the same gel. 
Acknowledgements 
S. S. is incumbent of the Hella and Derrik Kleenan 
chair in Biochemistry. We thank Mrs Elana Friedman 
for excellent secretarial assistance. 
References 
[l] Shapiro, A. L., Vifiuela, E. and Maizel, J. V. jr (1967) 
Biochem. Biophys. Res. Commun. 28, 815820. 
[2] Weber, K. and Osborn, M. (1969) J. Biol. Chem. 244, 
440664412. 
[3] Udenf’riend, S., Stein. S., Bohlen, P., Dairman. W., 
Leimgruber, W. and Weigelc, M. (1972) Science 178, 
871 -872. 
[4] Beavo, J. A., Bechtel, P. J. and Krebs, L’. G. (1974) 
Methods Enzymol. 38C, 299m-308. 
[S] Schmitz, J., Preiser, [I., Maestracci, D., Ghosh, 13. K., 
Gerda, J. J. and Crane, R. K. (1973) Biochim. Biophys. 
Acta 323.98--l 12. 
[6] Hopfer, U., Nelson, K., Per&to, J. and Isselbacher, 
K. J. (1973) J. Biol. Chem. 248, 25532. 
[7] Alhanaty, E. and Shaltiel, S. (1979) Biochem. Biophys. 
Res. Commun. 89, 3233332. 
[8] Laemmli, U. K. (1970) Nature New Biol. 227. 
680-685. 
[9] Lowry, 0. H., Rosenbrough, N. J.. I,arr, A. L. and 
Randall,R. J. (1951) J. Biol. Chem. 193, 265-275. 
[lo] Shogi, S., Ericsson, L. H., Demaille, J. G., Walsh, K. A., 
Neurath, H., I:ischer, E. 11. and Titani, K. (1980) Fed. 
Proc. I’ASEB 39, 2589. 
[ 111 Weidekamm, I:., Wallach, D. 1:. ii. and I‘liickigcr, R. 
(1973) Anal. Biochem. 54, 1022114. 
154 
